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(57) ABSTRACT 

A more energy-ef?cient method of processing crude oil is 
achieved by viscoelastic shearing in order to increase the 
vapor pressure of the crude oil. This change in vapor pressure 
alloWs a more e?icient separation of volatile components 
from non-volatile components in the crude oil. By optimizing 
the energy expenditure for shearing and the energy expendi 
ture for separating the volatile components from the non 
volatile components of the crude oil, While simultaneously 
removing the volatile components by distillation, one can 
reduce the overall energy input for the separation. Altema 
tively, it is possible to affect the distillation at a reduced 
temperature. 

12 Claims, 3 Drawing Sheets 
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SEPARATION OF COMPLEX MIXTURES BY 
SHEARING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from U.S. provisional 
Patent Application No. 60/611,918, ?led Sep. 21, 2004, 
Which is incorporated herein by reference. This application is 
a continuation in part of Us. patent application Ser. No. 
11/129,144, ?led May 13, 2005, Which is incorporated herein 
by reference. 

FIELD OF THE INVENTION 

The present invention relates generally to petroleum pro 
cessing. More particularly, the present invention relates to 
decreasing the energy input or temperature required for sepa 
ration of crude oil mixtures into components. 

BACKGROUND 

For many industrial processes it is necessary to perform 
distillations to separate components of a mixture. For most 
commercial distillations the volumes are very large, so that 
energy ef?ciencies can have signi?cant economic impact. 
Finding Ways to improve energy utiliZation is thus of great 
commercial interest. Another important consideration for dis 
tillation is the temperature required to separate different com 
ponents. At high temperatures, the mixture may undergo 
unWanted reactions that limit the recovery of components. 
Thus, there is substantial interest in reducing the energy input 
and/ or temperature required to separate these components. 

The separation of crude oil is a major industrial process. 
The extraordinarily large volumes that are handled make 
minor improvements in e?iciency and recovery of extreme 
economic importance. Petroleum in its unre?ned state is 
referred to as crude oil. Commercially useful products are 
obtained by separation or fractionation of the crude oil by 
distillation into various hydrocarbon components or frac 
tions, Which fractions may be subjected to further treatment to 
enhance the value of the fractions. The fractions may be 
characterized by the average number of carbon atoms of the 
molecules in a fraction, the density of the fraction and the 
boiling range of the fraction. For classi?cation purposes, the 
fractions may be designated as folloWs: (a) straight run gaso 
lines, boiling up to about 3900 E; (b) middle distillates, 
including kerosene, heating oils, and diesel fuel, boiling in the 
range of about 340 to 650° F; (c) Wide cut gas oils, including 
Waxes, lubricating oils and feed stock for catalytic cracking to 
gasoline boiling in the range of about 650 to 10000 E; and (d) 
residual oils, including asphalts, boiling above about 10000 F. 

In processing petroleum, crude oil is ?rst desalted and 
dehydrated, as necessary, and may be passed through heaters 
Where the temperature is raised. The crude oil may be raised 
to an elevated temperature, so that under the conditions of the 
process substantially all of the gasolines and middle distil 
lates are in the vapor phase. The crude oil liquid and vapor 
mixture is then piped to a distillation or fractionating toWer 
for “topping,” Which represents the ?rst step in separating the 
crude oil into its constituent fractions. 
Up to the point of fractionation, the entire crude oil may 

have been heated and maintained at an elevated temperature 
to maintain the light fractions in the vapor phase, While main 
taining the heavy fractions at a temperature that alloWs for a 
suf?ciently loWered viscosity to permit the How of the heavy 
fraction. There is much ine?iciency in this procedure in 
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2 
requiring heat to alloW for the separation of the light fractions 
from the heavy fractions and heating the entire mixture to 
permit this separation. In addition, the high heat required for 
this separation may reduce recovery of certain components 
due to unWanted reactions. 

Shear induced phase separation (“SIPS”) has been studied 
in a number of systems, particularly With polymeric solutions 
comprising tWo or more components. In these studies it is 
found that under certain conditions of shear there is a demix 
ing of components resulting in phases enriched for the com 
ponents. By observing the composition under shear, one fre 
quently encounters turbidity and changes in such properties 
as birefringence and light scattering. 

To better understand the effect of shear on vapor pressure, 
it is necessary to appreciate that the vapor pressure of a liquid 
is a delicate balance betWeen the rate of molecules escaping 
the surface of the liquid and the rate of molecules sticking to 
the surface of the liquid that strike it from the gas phase. The 
effect of shearing is to change the energy content of mol 
ecules at the gas-liquid interface as Well as change the spatial 
con?guration of molecules on the surface of the liquid. In 
some cases, it also changes the shapes of the molecules, such 
as inducing a transition from coiled to uncoiled. In particular, 
shearing can promote demixing in Which the attraction 
betWeen unlike molecules in a mixture is reduced. The result 
is for shearing to change the vapor pressure of the system by 
altering the rate balance described above. 
When a solid or liquid is subject to a shear, a nearly instan 

taneous deformation occurs as if it Were like a spring 
(Hooke’s laW) but this rapid deformation is often folloWed by 
a continuous one (a creep). This time-dependent response to 
shear is called viscoelasticity. V1scoelastic liquids can be 
described by different time scales for hoW they relax after a 
stress has been applied or removed. 
To understand SIPS better it is necessary to appreciate the 

effect of viscoelasticity on phase separation. A liquid com 
posed of tWo types of molecules A and B that are dissolved 
(mixed) can be separated (become demixed) into phases A 
and B under certain circumstances by the application of stress 
to the liquid mixture. The dynamics of the phase separation 
depend on the temperature, the relative concentrations of A 
and B, the viscoelastic properties of the mixed and demixed 
liquids, and the surface tension betWeen the tWo phases. What 
is important for an understanding of this invention is that for 
a ?xed temperature and for a ?xed relative concentration, 
shearing can affect the solubility of A and B through their 
viscoelastic properties. Speci?cally, shearing can promote 
mixing or cause demixing depending on the shear rate. It is 
knoWn from previous studies of polymer blends that SIPS is 
a common effect. Moreover, the shear induced phase separa 
tion often is sustained only by continuous shearing so that 
When shearing is removed or reduced, the liquid system Will 
relax to a mixed state as a function of time unless other actions 
are taken, such as changing the temperature, or the relative 
composition of A and B, or by adding some stabiliZing agent. 
It should be noted that the phenomenon of SIPS may occur in 
solutions of more than tWo types of molecules as Well, With 
the complex solutions comprising crude oils being an 
example. 

Generally, SIPS has been vieWed as a neutral or even det 
rimental effect in industrial processes, because such pro 
cesses ordinarily specify or assume the use of relatively 
homogeneous, Well-mixed substances. It has not been under 
stood that such separation could be intentionally affected and 
exploited for more e?icient processing. In addition, it has not 
been appreciated that shearing could be used to reduce the 
temperature required for processing. 
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There is a great deal of interest in improving the processing 
methods used for crude oil. Because of the huge amounts of 
crude oil that are processed, very small improvements can 
have large economic consequences. It is therefore of interest 
to provide treatments of the crude oil and like mixtures that 
reduce the energy input for separating the light and heavy 
fractions, decrease the temperature required to separate light 
and heavy fractions, improve the separation into different 
components, increase the speed of the separation process or 
all of these. The subject invention addresses this issue using 
SIPS. 

SUMMARY OF THE INVENTION 

Complex liquid mixtures comprising divergent compo 
nents as exempli?ed by crude oil are economically processed 
by conditioning the crude oil at an elevated temperature using 
viscoelastic shear. The shear conditions are employed to 
enhance the vapor pressure of loWer boiling fractions to 
reduce the heat input necessary to vaporiZe such loWerboiling 
fractions and to avoid raising the mixture to unWanted higher 
temperatures. In addition, depending on the purpose for the 
process the shear conditions can be selected to provide an 
enriched light phase that may be subject to distillation and 
fractionation into its components and an enriched heavy 
phase that may be processed to provide additional useful 
components, Where less energy is employed for the separa 
tion than conventional methods. Alternatively, the crude oil 
may be sheared and distilled simultaneously. 
By shearing it is meant one part of the complex ?uid moves 

at a different rate than another part. Various shearing devices 
can be employed. These devices are conveniently divided into 
tWo groups. In the ?rst group are drag ?oW devices in Which 
the shear is generated betWeen tWo surfaces in contact With 
the complex ?uid so that the tWo surfaces move at different 
rates With respect to one another. In the second group are 
pressure-driven ?oW devices in Which the shear is generated 
by a pressure difference over the channel through Which the 
complex ?uid ?oWs. In one useful embodiment We describe a 
drag ?oW device in Which one surface is stationary While the 
other is mobile. In another embodiment, the shearing device 
also serves as a distillation column. It should be understood 
that other embodiments are possible and that numerous Ways 
exist to apply stress to crude oil. 

BRIEF DESCRIPTION OF THE FIGURES 

The present invention together With its objectives and 
advantages Will be understood by reading the folloWing 
description in conjunction With the draWings, in Which: 

FIG. 1 is a ?oW diagram of a process according to this 
invention; 

FIG. 2 is an elevational cross-section of a shearing device 
according to this invention; 

FIG. 3 is an elevational cross-section of an alternative 
shearing device according to this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Improvements in distillation separations are obtained by 
shearing a medium either prior to or While subjecting the 
medium to vaporiZation and distillation. The mixture is sub 
jected to su?icient shear to change the state of the mixture so 
that it approaches more closely Raoult’s laW conditions. 
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4 
Namely, the vapor pressures of the mixture Would approach 
the formula for a tWo component mixture 

Where P1 and P2 are the vapor pressures of the tWo liquids 
constituting the binary mixture, and x1 and x2 are their molar 
fractions. One can readily determine the required shearing to 
substantially optimiZe the increase in vapor pressure of the 
volatile fractions present in the mixture by empirically 
increasing the shear and measuring the total vapor pressure. 
By relating the total vapor pressure to the energy required to 
provide the shearing forces, one can calculate the energy 
requirements for producing the shear and distilling the vola 
tile components. In this Way, one can optimiZe the energy 
utiliZation of the system. In some cases, if desired, shearing 
may result in a demixing or phase separation betWeen a ?rst 
volatile fraction and a second relatively non-volatile fraction. 

In a ?rst aspect of the subject invention, an improved 
method is provided for reducing the overall energetic input or 
temperature required for distilling the volatile fraction com 
ponents of a complex liquid mixture or components having 
substantially different physical characteristics. The method 
?nds particular application With crude oil and alloWs for 
conditioning of the mixture. After preliminary treatment of 
the mixture, as appropriate, the mixture is introduced into a 
shearing device and viscoelastically sheared at a suf?cient 
rate to increase the vapor pressure of the mixture to more 
closely approximate Raoult’s laW. By optimiZing the energy 
expenditure for the shearing and the energy expenditure for 
separating the volatile components from the non-volatile 
components, While simultaneously removing the volatile 
components by distillation, one can reduce the overall energy 
input for the separation. In addition, because shearing results 
in an increase in vapor pres sure at any given temperature that 
is unrelated to any increase in temperature resulting from the 
shearing, a loWer temperature is required to separate volatile 
components from the mixture. 

In a second aspect of the subject invention, an improved 
method is provided to e?iciently separate complex liquid 
mixtures of components having substantially different physi 
cal characteristics. The method simpli?es the formation of at 
least tWo fractions of differing characteristics, Which may 
then be readily separated by conventional methods of sepa 
ration. The method ?nds particular application With crude oil. 
In one embodiment, the method alloWs for conditioning of the 
crude oil mixture. In this embodiment, after preliminary treat 
ment of the mixture, as appropriate, the mixture is introduced 
into a shearing device and viscoelastically sheared at a rate 
that provides for separation of the mixture into at least tWo 
phases. One phase of the conditioned mixture, Which may be 
described as a light phase or fraction, can then be separated by 
distillation or other fractionation means. The other phase, 
Which may be described as a heavy phase or fraction, can be 
subjected to further processing, e.g., shear treatment, or fur 
ther conventional processing. In an alternative embodiment, 
the method alloWs for separation of the crude oil mixture into 
at least tWo fractions. In this method, after preliminary treat 
ment of the mixture, as appropriate, the mixture is introduced 
into a combined fractionation/ shearing device, sheared at a 
rate that provides for separation of the mixture into at least 
tWo phases, and simultaneously separated into at least tWo 
fractions. The combined fractionation/shearing device may 
be a distillation/shearing device. 

Crude oil can be used as paradigmatic as being a viscoelas 
tic liquid With a range of components of varying characteris 
tics; there is the light fraction Which ?nds use as a feed for the 
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production of chemicals, a light blending stock for gasoline, 
etc ., and a gasoline fraction referred to as straight run or virgin 

gasoline; an intermediate fraction, Which can be divided into 
a kerosene fraction utiliZable as a furnace oil, jet fuel, etc., and 
a virgin or straight run gas oil, Which may be used as a source 
of lubricating oil and/or Waxes or as cracking stock for the 
production of gasoline; and the heavy fraction or bottoms cut, 
Which may be processed to produce asphalt, lubricating oils, 
Wax products, etc. By conditioning the crude oil using appro 
priate conditions of temperature and shear, roughly tWo or 
more phases are produced, Where one phase is enriched for 
the light fraction and a second phase is enriched for the heavy 
fraction. 

Various methods and apparatus may be used to condition 
the crude oil. Numerous devices have been designed to pro 
vide shear to a ?uid, particularly in relation to the treatment of 
polymer mixtures and for rheology. These systems often 
employ a moving or mobile surface that moves in relation to 
an immobile surface With the medium betWeen the tWo sur 
faces. These devices have employed concentric cylinders, 
Where the outer cylinder is usually the rotating cylinder, cones 
and platforms, Where the cone is the rotating element, an 
endless belt and an immobile platform, a moving platform 
and an immobile platform, and the like. The devices rely on 
the introduction of ?uid betWeen the tWo surfaces and the 
resulting shear from the ?oW of the ?uid betWeen the tWo 
surfaces. The devices may have as their primary elements, 
optionally a heating element to reduce the viscosity of the 
crude oil to a ?oWable mixture, a pump or impeller to intro 
duce the ?oWable crude oil to a shearing device to provide a 
conditioned mixture, a distillation column for separating the 
conditioned mixture into multiple fractions, and a receptacle 
for receiving the conditioned mixture, Where the loW boiling 
fraction may be removed, and as appropriate fractionated, 
using heat, steam, a combination of heat and vacuum, or the 
like. 

For the situation Where demixing occurs With separation 
into fractions or phases, Without being held to the theory as 
the correct basis of the observed results, the folloWing is 
believed to be the basis for the use of shear induced phase 
separation (“SIPS”) for improving crude oil processing. At 
any given temperature, for a particular substance, there is a 
pressure at Which the vapor of that substance is in equilibrium 
With its liquid or solid forms. This is termed the vapor pres 
sure of that substance at that temperature. When the ambient 
pressure equals the vapor pressure of any liquid, the liquid 
and vapor are in equilibrium. BeloW that temperature, vapor 
Will condense to liquid. Above that temperature, liquid Will 
turn to vapor. At any given pressure, the boiling point of a 
substance is the temperature at Which the vapor pressure of 
the substance in liquid form equals the ambient pressure. 

Raoult’s laW has been described previously for a binary 
mixture. The generalization to more complex mixtures con 
taining n different components is straightforWard: 

n 

PTotal = 2 MP; 
[:1 

For a binary mixture, this laW is strictly valid only under the 
assumption that the bonding betWeen the tWo liquids is equal 
to the bonding Within the liquids. Therefore, comparing 
actual measured vapor pressures to values that are predicted 
from Raoult’s laW alloWs information about the relative 
strengths of bonding betWeen liquids to be obtained. 
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6 
If the measured value of vapor pressure is less than the 

predicted value, feWer molecules have left the solution than 
expected, Which is attributed to the strength of bonding 
betWeen the liquids being greater than the bonding Within the 
individual liquids. As a consequence, feWer molecules have 
enough energy to leave the solution. Conversely, if the vapor 
pressure is greater than the predicted value more molecules 
have left the solution than expected, caused by the bonding 
betWeen the liquids being Weaker than the bonding Within 
each. Again the generalization to multi-component mixtures 
is straightforWard. 

Crude oil is a system that could exhibit extreme deviations 
from Raoult’s laW. In this instance in complex liquids 
mechanical deformation of the liquid through compression, 
extension and shear may cause a temporary or even perma 
nent separation (demixing) of the components, Which there 
fore affects the vapor pressure of the mixture. These defor 
mations may result in a system out of equilibrium and during 
that nonequilibrium condition it should be possible to distill 
the components With less supply of heat, that is, at a loWer 
temperature, than When the system is at equilibrium. In other 
Words, separation by distillation Will be favorable for systems 
that (1) do not obey Raoult’s laW in the sense that tWo or more 
components bind together more tightly than With each pure 
substance and (2) can be separated (demixed) by mechanical 
agitation that induces stress, that is, compression, extension 
and shear, in the liquid. 

Crude oil is a complex mixture, primarily of hydrocarbons, 
ranging from a range of alkanes that boil beloW about 100° C. 
to heavy residual that has to be cracked in order to be distilled 
or is used as a tar or asphalt. The density of the crude oil is 
generally in the range of about 10->40o API. The viscosity of 
crude oil depends upon its source and temperature, generally 
ranging from about 1 to 100 centiStokes (cST) for light crude 
to 100 to 10,000 cSt for heavy crude at original reservoir 
conditions of 150-3000 F. Kinematic viscosity is measured 
using ASTM D445. Depending upon the viscosity of the 
crude oil feedstock, the temperature of the crude oil intro 
duced into the SIPS device Will generally be at least suf?cient 
to alloW for ?oW of the crude oil, usually at least about 1250 
F., usually in the range of about 125 to 4000 F., Where the 
temperature may increase With the shearing of the crude oil. 
Based on the temperature and the crude oil source, there Will 
usually be a gas phase that may be separated prior to the 
shearing or may be retained in the SIPS device under a mildly 
elevated pressure to keep most of the gas phase dissolved in 
the crude oil mixture. 
The crude oil may have been subject to prior processing, 

such as desalting (US. Pat. Nos. 4,992,210, 5,746,908 and 
references cited therein) and dehydration (US. Pat. No. 
6,572,123, and references cited therein). These processes are 
conventional and they Will not be described here. While in 
many instances, in order to reduce the viscosity of the crude 
oil fraction, a light fraction is mixed With the crude oil, that 
expedient Will normally not be used in the subject process as 
reducing the e?iciency of the process. The crude oil may also 
have been processed through prior distillation, so that the 
feedstock to the SIPS device has previously had some of the 
light fractions removed. 
The stream Will generally have a velocity in the range of 

about 1 to 30 barrels per minute, Where the velocity Will 
depend upon the capacity of the SIPS device, the amount of 
shearing to be applied, the nature of the feedstock, and the 
temperatures of stream input and output or other parameter 
that may affect the e?iciency of the demixing of the feed 
stock. Also, the spacing or gap betWeen the immobile and 
mobile surfaces Will vary With the nature of the device as Well 
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as the other parameters, generally being in the range of about 
0.5 to 2.0 mm. The time for the shearing Will generally be in 
the range of about 10 to 100 milliseconds per pass through the 
SIPS device, and depending on design some portion of the 
?uid may pass again through the same or a different SIPS 
device. The time may be controlled by the feed rate. Rotation 
rates Will depend upon the design of the shearing mechanism 
and Will generally be in the range of about 6,000 to 25,000 
rad/ s. If oscillatory vibration is employed in the shearing unit, 
oscillation frequencies may vary in the range of about 10'5 to 
500 rad/ s With an amplitude of angular motion in the range of 
about 50 urad to 0.5 rad. If desired, an oscillating vibration 
may be imparted to the feedstock during the shearing. With 
any one apparatus, the shearing force required for separation 
as a function of temperature may be determined empirically 
for each crude oil feed stock and optimiZed for energy input 
and economics of separation. The shear applied to crude oils 
Will generally be in the range of 10,000 to 100,000 sec'l 
(units Which may for clarity also be expressed as, e.g., milli 
meters per millimeter per second, to convey the proximity of 
different ?uid velocities under shear.) For an analysis of the 
conditions for shear separation of a mixture, see “RHEOL 
OGY: Principles, Measurements, andApplications,” Christo 
pher W. Macosko, 1994, VCH Publishers, Inc. 

Under the ?rst aspect of the subject invention, conditioning 
and distillation are concurrent processes, so that the volatile 
components are removed from the mixture during the shear 
ing. In this aspect, heat Will be continuously introduced to 
replace the heat of vaporiZation of the volatile components to 
maintain the distillation. 

In the second aspect of the invention, after being processed 
in the shearing device, the conditioned feedstock may then be 
treated in a number of Ways. For example, the conditioned 
feedstock may: directly enter a distillation column; ?oW 
through an outlet and be transported to another site for further 
processing; be stored While maintaining an elevated tempera 
ture that still retains the ?oW properties of the conditioned 
crude or cooled to a loWer temperature that prolongs the shear 
induced phase separation; have the light fraction alloWed to 
?ash off or be subject to fractionation; or the conditioned 
feedstock distilled to obtain the crude oil components that are 
volatile under the conditions of the distillation. Alternatively, 
the feedstock may be separated and sheared simultaneously, 
using a combined distillation/ shearing device. The distilla 
tion may employ a vacuum or steam for the separation as 
described in Us. Pat. No. 4,265,731. 

Desirably, after shearing, the conditioned medium Will be 
cooled to a temperature that Will preserve the separation, 
usually as loW a temperature as Will alloW for ?oW, generally 
reducing the temperature in the range of about 5 to 1000 F., 
depending upon the temperature of the conditioned crude oil 
after it leaves the shearing device. 
A system can be employed With the subject methodology 

that alloWs for automated processing of crude oil. One can 
employ a central data processor and sensors to measure tem 
peratures, pressures, shear rate, characteristics of the crude oil 
before and after shearing, vapor pressures of fractions, and 
the like. The information from the sensors is sent to the central 
data processor for analysis and control of the various stages of 
the processing. The crude oil is characteriZed by any one of 
the folloWing parameters: its source, composition, viscosity, 
speci?c gravity, optical rheometry, light fraction content, 
heavy fraction content, Water content, salt content or other 
parameter of interest for the processing of the crude oil. By 
measuring the viscosity and/ or ?oW rate of the feedstock, the 
temperature, pressure and/ or rate of pumping of the feedstock 
are controlled to provide the desired viscosity and ?oW char 
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8 
acteristics. The feedstock is then fed into the shearing device 
Where the properties of the feedstock in the shearing device or 
exiting the shearing device are monitored and the ?oW rate 
and shearing force are controlled to provide a conditioned 
feedstock having the appropriate characteristics. The condi 
tioned feedstock may then be moved to a distillation column 
Where the conditioned feedstock is fractionated into appro 
priate fractions for use or further processing. Alternatively, 
the feedstock may be sheared and separated simultaneously 
using a combined distillation/shearing device. The products 
of the fractionation may then be stored and/or further frac 
tionated and/or processed, such as cracking, hydro?ning, 
hydrogenation, etc. In general, the temperature of the feed 
stock entering the shearing apparatus should be maintained as 
loW as possible consistent With the need for ?oW at a practical 
rate because for the same composition it requires more shear 
to cause demixing as the temperature increases. 
One may also monitor the total energy input for obtaining 

the light fractions as a distillate. By monitoring the energy 
employed for shearing the mixture and the heat supplied for 
maintaining the distillation, one can determine the optimum 
conditions for to minimiZe the energy input for the separation. 
The mechanical and thermal energies involved may be readily 
measured, or example With a motor one can measure the 
electrical energy employed for the shearing and for the heat 
ing one can determine the calories employed based on the fuel 
used. 
The heavy fraction phase may be subjected to further pro 

cessing by mechanically stressing in a shearing device. Par 
ticularly, the heavy residuum may be conditioned, once the 
heavy fraction phase has been passed through an atmospheric 
toWer, but before entering a vacuum toWer. 

In FIG. 1 a diagrammatic vieW of the subject process is 
provided. In the process, crude oil or other feedstock is fed 
into line 12 driven by pump 14 through line 16, Where the 
pressure in the line is controlled by pressure gauge 18. The 
feedstock is moved through line 22 into heat exchanger 24 
Where the feedstock is heated to the desired temperature. The 
temperature in the heat exchanger is controlled by tempera 
ture regulator 26. The heated feedstock is then transported 
through line 28 to processing unit 32, Where the crude oil may 
be processed, such as for desalting or dehydration. Altema 
tively, valve 34 may divert the feedstock through alternative 
line 36 directly to line 38, Which is the outlet line for process 
ing unit 32. The feedstock is fed by means of line 38 into 
shearing unit 42. Shearing unit 42 is shoWn having cap 44, 
outer rotating and shearing Wall 46 and inner immobile Wall 
48. Motor 52 drives gear box 54 that turns collar 56 to drive 
outer rotating and shearing Wall 46. The feedstock moves 
betWeen outer rotating and shearing Wall 46 and inner immo 
bile Wall 48 and is sheared and conditioned by the shearing 
effect of the movement of the feedstock past the rotating and 
shearing Wall 46. The shearing unit may have various control 
mechanisms (not shoWn) to control the degree of shearing and 
measure the change in properties of the feedstock as it passes 
through shearing unit 42 and into outlet line 58. Outlet line 58 
feeds the sheared and conditioned feedstock to distillation 
column 62, and the light fraction of the distilled, conditioned 
feedstock (distillate) exits through line 64. Alternately, the 
sheared and conditioned feedstock may be fed to another heat 
exchanger (not shoWn) Where the feedstock is further heated 
to the desired temperature prior to introduction into distilla 
tion column 62. 

Valve 66 serves to split the distillate betWeen line 68 and 
line 84. Line 68 passes through condenser 72 and through line 
74, Where by means of valves 76a and 76b the distillate may 
be directed to a plurality of receptacles or holding tanks 78a 
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and 78b. Any Waste or pressure release may be vented through 
line 82. The heavy fraction at the bottom of the distillation 
column may be transferred from the distillation column 62 by 
means of line 85 and pump 86 for further processing, as 
appropriate, including Without limitation return to line 12 to 
be processed again. 
By passing all or a portion of the distillate by means of 

valve 66 to line 84, the distillate may be passed through heat 
exchanger 24 or other heat exchanger (not shoWn), or both, to 
heat the incoming feedstock from line 22. The heat from the 
condensation of the heavy fraction is used to heat 24. The 
distillate from heat exchanger 24 is fed through line 88 into 
line 68 for transfer to a receptacle. The distillate may then be 
further processed in accordance With the needs for the crude 
oil products. 

FIG. 2 diagrammatically depicts a cross-sectional eleva 
tional vieW of a shearing unit. Shearing unit 100 sits on base 
102 supporting electromagnetic clutch 104. An eccentric arm 
106 is joined through rod 108 to collar 112. By activating 
electromagnetic clutch 104, a rotating shaft 114 can be oscil 
lated sinusoidally. The rotating shaft 114 ?ts in Wheel 116 on 
Which is mounted drive belt 118. Drive belt 118 is driven by 
a motor train including dc motor 122, second drive belt 124 
and gear box 126. Tachometer 128 monitors the speed of dc 
motor 122 and measures angular velocity. Shearing compo 
nent 132 includes cylinder 134 mounted on rotating shaft 114. 
Shearing cell 136 is surrounded by a temperature control bath 
138 With ?uid inlet 142 and ?uid outlet 144. An air bearing 
146 centers torsion bar 148, Whose rotation is sensed by linear 
variable differential transformer (“LVDT”) 152. The LVDT 
152 and tachometer 128 send signals to data processor 154. 
The tachometer 128 sends its signals to the data processor 154 
through connecting line 156 and the data processor 154 sends 
control signals to controller 158 through connecting line 162. 
The dc motor 122 can be varied in conjunction With changes 
in torque sensed by LVDT 152. The feedstock is introduced 
into the shearing component through valve 164 and line 166, 
Which goes through base 102 and through the center of rotor 
114 and enters the shearing cell 136 through outlet 167. The 
feedstock is sheared in shearing cell 136, rises to the top of 
shearing cell 136 and is then transported through outlet 168 
through line 172, Which passes concentrically through torsion 
bar 148. How out of shearing cell 136 is controlled by outlet 
valve 174. 

While the device shoWn in FIG. 2 can be used for continu 
ous shearing of a feedstock, it may also be used for de?ning 
the parameters to be used in the shearing of the feedstock. By 
using such a device, Where the feedstock is introduced into 
shearing cell 136 in a batch, the processing parameters for the 
shearing can be determined or the feedstock can be processed 
batchWise. 

In FIG. 3 an alternative device is shoWn Where a sliding 
plate as an endless belt is used to provide the shear. This 
shearing device is shoWn as a diagrammatic vieW in eleva 
tional cross-section. Shearing device 200 is housed in hous 
ing 202. The feedstock is introduced through conduit 204 
With the How rate controlled by valve 206 . An endless belt 208 
is employed driven by drive shafts 212 and 214 in a direction 
counter to the How of the feedstock. Fixed plate 216 is 
mounted on platform 218 and can be moved orthogonally to 
the direction of How of the feedstock by means of hydraulic 
piston 222 to change the gap betWeen the ?xed plate 216 and 
the endless belt 208. Guides 224 and 226 orient the movement 
of the ?xed plate 216. Af?xed to the ?xed plate 216 is a 
heating element 228 to maintain the temperature during 
shearing. Temperature gauges 232 and 234 monitor inlet and 
outlet temperatures, respectively, of the feedstock and are 
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connected through Wires 236 and 238, respectively, to tem 
perature controller 242. By monitoring the inlet and outlet 
temperature, the temperature in shearing Zone 244 can be 
maintained. The feedstock is fed into the shearing Zone 244 
through line 204 and is sheared by the endless belt 208 as the 
feedstock is driven under pressure through the shearing Zone. 
The conditioned feedstock exits into conduit 246 and passes 
through control valve 248 and may then be subject to further 
processing. 

Instead of a drag ?oW device a pressure device may be 
employed Which provides pressure to drive the crude oil 
through an ori?ce or other similar structure that alloWs for 
shearing as the crude oil moves past the surface of the shear 
ing component. Thus, the pressure differential betWeen the 
crude oil entering the shearing component and exiting the 
shearing component provides the driving force for the 
mechanical stress and conditioning. 

The subject invention provides for more e?icient process 
ing and utiliZation of crude oil, as Well as other complex 
mixtures having components of disparate characteristics. A 
relatively loW energy processing of the crude oil using shear 
induced phase separation, concurrent With or folloWed by 
heating and distillation, replaces the much higher energy 
input of heating and distillation of crude oil that has not 
undergone shear induced phase separation. In this Way, the 
crude oil can be effectively divided into tWo fractions, a loWer 
boiling fraction that may be further separated into its compo 
nents and a higher boiling fraction that may be subject to 
processing Without signi?cant loss of the loWer boiling frac 
tions in the subsequent processing. 

All references referred to in the text are incorporated herein 
by reference as if fully set forth herein. The relevant portions 
associated With this document Will be evident to those of skill 
in the art. Any discrepancies betWeen this application and 
such reference Will be resolved in favor of the vieW set forth 
in this application. 

Although the invention has been described With reference 
to the above examples, it Will be understood that modi?ca 
tions and variations are encompassed Within the spirit and 
scope of the invention. Accordingly, the invention is limited 
only by the folloWing claims. 

What is claimed is: 
1. A method for processing crude oil, comprising: 
a. applying shear forces to an oil stock containing volatile 

components With a shearing device to create different 
?oW rates in said oil stock, Wherein said different ?oW 
rates are su?icient to create: 

i. at least tWo phases in said oil stock; 
ii. at least tWo fractions in said oil stock; 
iii. an increase in the vapor pressure of at least one of said 

fractions in said oil stock; and 
b. separating said volatile components from said oil stock. 
2. The method as set forth in claim 1, Wherein said sepa 

rating comprises distilling said volatile components during 
said shearing. 

3. The method as set forth in claim 1, further comprising 
optimiZing the energy expenditure for said shearing. 

4. The method as set forth in claim 1, further comprising 
optimiZing the energy expenditure for said shearing. 

5. The method as set forth in claim 1, further comprising 
monitoring an energy input or a temperature required for said 
separating. 

6. The method as set forth in claim 1, further comprising 
heating said crude oil stock during said shearing and said 
separating. 
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7. The method a set forth in claim 6, wherein said heating 
results in a temperature of at least about 1250 C. 

8. The method as set forth in claim 1, further comprising 
determining said suf?cient rate by empirically increasing said 
shearing and measuring said Vapor pressure. 

9. The method as set forth in claim 1, Wherein said crude oil 
comprises Very heavy crude oil or bitumen. 

10. The method as set forth in claim 1, Wherein said shear 
ing is at least 10,000 sec-l. 

12 
11. The method as set forth in claim 1, Wherein said crude 

oil stock is substantially free of Water and salt. 
12. The method as set forth in claim 1, Wherein said shear 

ing device comprises a ?rst cylinder Wall internal and con 
centric to a second cylinder Wall, Wherein said ?rst cylinder 
Wall is ?xed and said second cylinder Wall rotates about said 
?rst cylinder Wall. 


